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Recent and anticipated global change has focused concern on the role of forests in
ecosystem functioning and carbon sequestration. Of key importance is identifying
relevant factors that drive carbon and nutrient dynamics and the consequences of changes
in these processes. Systems undergoing invasion by invasive woody species are
particularly prone to changes. This study examined the branch and crown biomass and
decay dynamics for the invasive Chinese tallow tree in Mississippi, USA as well as the
influences of stand and site conditions on biomass modeling and arthropod contributions
to fine woody debris decay. Coupling biomass and decay models presents a method for
modeling carbon sequestration and nutrient turnover rates at the stand level. These
predictions will aid our understanding of the consequences of ecosystem change,
especially those driven by invasive species.
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INTRODUCTION

Carbon sequestration and forest ecosystem processes have become increasingly
important research topics, with a growing emphasis on understanding the role of forest
biomass and carbon turnover rates (Brown 2002, Prescott 2010). Woody species have
unique nutrient holding capacities which can be extrapolated by an examination of their
biomass and decay dynamics, both of which are further controlled by site and
environmental conditions (e.g. Gosz et al. 1973, Harmon et al. 1986, Parresol 1999,
Brown 2002, Ruiz-Peinado et al. 2012). Changes in species composition and structure
alter the ratio of carbon sinks and sources (Brown 2002, Currie and Nadelhoffer 2002).
Especially relevant in changing carbon stores are environments invaded by nonnative species. Invasive species often have stand-replacing abilities and can transform the
structure and function of native ecosystems. The forests of the southeastern United States
have suffered a large influx of exotic tree species. Of invasive tree species, Chinese
tallow (Triadica sebifera (L.) Small), is of particular interest in the region due to its swift
invasion. Chinese tallow can invade a multitude of habitats ranging from coastal prairies
to closed-canopy upland forests, resulting in monospecific stands with low comparative
productivity (Bruce et al. 1997, Barrilleaux and Grace 2000, Pattison and Mack 2008,
Cameron and Spencer 2010). Direct effects of Chinese tallow invasion on carbon storage
and nutrient turnover dynamics are unknown and a high priority for scientific research.
1

Understanding the magnitude of invasion and the spatial dynamics of Chinese
tallow within forests is an important first step in understanding the consequences of
invasion. Developing models to estimate standing woody biomass of Chinese tallow
could be an important tool to be used with large scale sampling databases, such as the
USDA Forest Service Forest Inventory and Analysis National Program (FIA), to
determine the total invasive biomass in these forests.
In addition to standing live biomass, it is also important to understand the
dynamics and contributions of dead wood associated with Chinese tallow invasion. Dead
wood can constitute up to 20% of the biomass in forests (Currie and Nadelhoffer 2002,
Cornwell et al. 2009) with the amount of fine woody debris positively correlated with
stand disturbances (Fasth et al. 2011). Dead wood has been shown to be a major
consideration for forest C budgets and nutrient cycles at a regional scale (Cornwell et al.
2009, Aakala 2010, Russell at el. 2014), but it has not yet been established how invasive
woody species may contribute. Understanding decay rates and dynamics of invasive
species may aid in our understanding of nutrient storage capabilities, especially in the
context of carbon sequestration.
Wood qualities (i.e. wood density and chemistry) are paramount factors in the
decay process (Gosz et al. 1973, Krankina et al. 1999, Ganjegunte et al. 2004, Vávřová et
al. 2009). Wood density and chemistry become important in relation to invasive species
that change forest structure and biodiversity, thereby changing decomposition rates and
nutrient cycles. Additionally, Chinese tallow grows rapidly and contains elevated
concentrations of tannins and phenols (Bruce et al. 1997, Zou et al. 2006); these attributes

2

are thought to have an inhibitory effect on the decomposition process and arthropod
colonization (Kirk and Cowling 1984, Cameron and Spencer 2010).
The displacement of native species is an important consideration in carbon and
biomass models at the regional and global scales, and is an area requiring further
research. This study aims to identify biomass models for Chinese tallow at the crown
level and the dynamics of decomposition of Chinese tallow fine woody debris. In
addition, this study is examining the role of arthropods in the decomposition process and
testing a novel method for the correction of mesh effects from litterbags in the decay
process.
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CHAPTER II
DECOMPOSITION DYNAMICS OF INVASIVE CHINESE TALLOW FINE WOODY
DEBRIS

2.1

Abstract
Decomposition of plant debris is an important yet incompletely understood

process. This is especially true for fine woody debris (i.e. material less than 10cm in
diameter) which has been largely neglected in decomposition research relative to leaf
litter and coarse woody debris. The decay process relies heavily on microbial activity and
environmental conditions, but the influence of arthropods remains relatively unclear. In
this study, mesh bags were used to exclude arthropods from small diameter Chinese
tallow (Triadica sebifera L. Small) twigs in a mature mixed pine/hardwood forest in
northeastern Mississippi, USA. The study consists of two mesh sizes (300µm and
1000µm) and a no-mesh treatment. The exponential decomposition rate constant was
0.0539 month-1 and average mass lost at 16 months was 52%, 56%, and 60% for twigs in
the fine, coarse, and no mesh treatments respectively. Mesh bags were found to increase
mass loss by an average of 26% in the coarse mesh treatments and 51% in the fine mesh
treatments. After correcting for these mesh effects the average mass loss was 29%, 26%,
and 60% for twigs in the fine, coarse, and no mesh treatments respectively.
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2.2

Introduction
Woody debris is an important component of forest ecosystems and plays a role in

many ecological functions and environmental services. Downed woody debris reduces
soil erosion, stores carbon and nutrients, provides food and habitat for many vertebrates,
invertebrates and fungi, improves water stores, and serves as a seed bed (Harmon et al.
1986, Reinhardt et al. 1991, Wei et al. 1997, Nordén et al. 2004). The decomposition of
wood is an essential yet complex process for the return of nutrients back into the soil in
plant-available forms (Harmon et al. 1986, Cornwell et al. 2009). Although understood to
be an important process, there is much about wood decomposition that is still unknown,
and this is especially true for fine woody debris (<10cm in diameter) (Harmon et al.
1986, Bradford et al. 2002, Kampichler and Bruckner 2009, Fasth et al. 2011, Preston et
al. 2012).
Decomposition was only recognized as a biological process in 1878 by Robert
Hartig who demonstrated that fungi are agents, rather than consequences, of decay (Kirk
and Cowling 1984). It is widely recognized that wood decomposition is primarily driven
by microbial and fungal agents, but the role of arthropods remains unclear (Harmon et al.
1986, Bradford et al. 2002, Cornwell et al. 2009, Kampichler and Bruckner 2009).
Temperature, moisture, and substrate quality and size are also known to be important
factors in wood decomposition (Boddy 1983, Bradford et al. 2014, Brown et al. 1996,
Chen et al. 2000, Harmon et al. 1986).
While the exact contribution of arthropods is unclear, it is thought that they play a
major role in decomposition. These invertebrates provide both mechanical breakdown of
wood structures and chemical degradation of cellulose and lignin (Wood and Sands 1978,
5

Abbott and Crossley 1982, Gentry and Whitford 1982, Kirk and Cowling 1984). The
most frequent saproxylic arthropods belong to Acari (mites), Collembola (springtails),
Isoptera (termites), and Coleoptera (beetles), with termites and wood-boring beetles
having the most substantial impacts on wood decay (Abbott and Crossley 1982, Cornwell
et al. 2009, Ulyshen et al. 2013). Both the density of the wood, as termites prefer soft,
large-celled, fast-growing tissue, and the previous experiences of the termites have been
shown to affect rates of decomposition (Cornwell et al. 2009, Gentry and Whitford 1982,
Wood 1978). There are also seasonal and diurnal patterns of termite activity that may be
reflected in decomposition rates (Wood 1978). In addition, termites allow for the
introduction of fungi and other microbes to enter adjacent wood through their feeding
tunnels (Abbott and Crossley 1982).
Of particular importance to wood decomposition in the southeastern United States
are termites of the genus Reticulitermes (Isoptera: Rhinotermitidae). Reticulitermes spp.
are found throughout the continental United States, but are most common in the southeast
(Su et al. 1993). Reticulitermes spp. attack less dense portions of wood first (Kirk and
Cowling 1984, Cornwell et al. 2009) and transport fungal spores (Zoberi and Grace 1990)
and soil into wood (Greaves 1962, Grove 2007, Ulyshen and Wagner 2013, Ulyshen et al.
2014).
As wood traits affect decomposition and decomposer communities, changes to
forest plant communities can impact decomposition and nutrient cycling. This is
especially relevant in systems undergoing invasions of non-native trees. One species of
import, Chinese tallow (Triadica sebifera), has particularly strong impacts on native
systems in the southeastern United States. Chinese tallow invades habitats at a rapid rate
6

and displaces native species, forming monospecific stands and altering ecosystem
functioning (Bruce et al. 1997, Barrilleaux and Grace 2000, Pattison and Mack 2008,
Cameron and Spencer 2010). An understanding of the factors contributing to
decomposition of Chinese tallow and the implications of ecosystem change on the
decomposition process is of high concern with ongoing global changes.
Past wood decomposition studies have used various exclusion methods, i.e.
chemical or physical, in an effort to measure arthropod contributions, but very few have
attempted to account for the effects of those methods to affect decomposition beyond the
exclusion of arthropods (Kampichler and Bruckner 2009). Even the earliest studies
observed potential effects of mesh litterbags on arthropod communities by possibly
altering microclimates and providing protection from predators (Crossley and Hoglund
1962). Several studies have also found differences in fungal abundance and moisture
content between mesh treatments (Kampichler and Bruckner 2009 and references
therein). In addition, Bradford et al. (2002) demonstrated that fine “micro” mesh
inhibited decomposition when compared to larger mesh apertures, although it was
uncertain how much of this was attributed to the mesh itself and how much to the
exclusion of the faunal community. Thus, there is a strong need to determine standard
methods for examining arthropod contributions using a mesh litterbag approach and to
account for any mesh effects.
The objectives for this study were then threefold: 1) to quantify the contributions
of arthropods to wood decomposition. 2) to determine decomposition across three
diameter classes of Chinese tallow fine woody debris. 3) to quantify and correct for mesh
effects.
7

2.3
2.3.1

Materials and methods
Locations
Chinese tallow branches were collected from the Old River Wildlife Management

Area (Pearl River County, Mississippi) in September 2012. The Old River Management
Area (30°47'23.6"N 89°49'00.9"W) is a bottomland forest adjacent to the Pearl River in
southwestern Mississippi. Trees selected at the Old River site were felled, branches were
separated from the bole, and leaves were hand-removed. Branches were then brought to
the laboratory for further preparation (see Sample Preparation).
The field decomposition study was conducted at five locations (Table 2.1) within
the Sam D. Hamilton Noxubee National Wildlife Refuge (Noxubee, Oktibbeha, and
Winston Counties, MS) and the John W. Starr Memorial Forest (Noxubee County, MS).
The climate of the region is classified as humid subtropical with hot summers and mild
winters. Weather patterns during over the course of the study are outlined in Table 2.3.

8

Latitude
33°14'28.1"

33°13'48.5"

33°18'56.8"

33°20'24.7"

33°21'27.4"

Bevil’s Hill

Cedar Grove

Dorman Lake

Craig Pond

88°54'39.5"

88°52'23.0"

88°50'55.0"

88°54'27.8"

Longitude
88°46'03.3"

Oktibbeha

Oktibbeha

Oktibbeha

Winston

County
Noxubee

Falkner series silt loam

Falkner series silt loam

Wilcox series silty clay loam

Smithdale series sandy loam

Soil Type
Falkner series silt loam

Decomposition study field site locations and descriptions.

Site
Bluff Lake

Table 2.1

9

5.4

5.0

4.6

5.0

Soil pH
5.4

Surrounding Species Composition
Pinus taeda, Quercus spp., Carya spp.,
Liquidambar styraciflua
Quercus spp., Nyssa sylvatica, Acer rubrum,
Liquidambar styraciflua
Pinus taeda, Quercus spp., Vitis spp., Rhus
copallina, Smilax spp.
Pinus taeda, Quercus spp., Liquidambar
styraciflua, Asimina triloba
Pinus taeda, Carya spp.

Table 2.2
Year
2013
2013
2013/14
2014

2.3.2
2.3.2.1

Decomposition study area weather patterns over the course of the study.
Collection
4 months
8 months
12 months
16 months

Range
Feb-June
June-Oct
Oct-Feb
Feb-June
Averages

Ave Max (°F)
67.91
89.56
60.63
68.75
71.72

Ave Min (°F)
45.71
67.48
37.30
44.75
48.81

Total Precip (in)
24.91
12.39
13.12
24.95
18.84

Sample preparation
Twig preparation
Intact branches were brought to the USDA Forest Service Wood Products Insect

Research Laboratory for preparation and analysis.
Each branch was then cut into pieces 20 cm long so that each segment was
straight and uniform in diameter from end to end. Diameter was measured in the center of
each piece and pieces exceeding 10 cm in diameter were discarded.
5 cm subsamples were then cut from one end of each piece for measurements of
initial dry weight, bark %, volume, and density. Volume was obtained using the water
displacement technique and then subsamples were oven dried at 102 °C for 24 hours to
obtain dry weights. These data were used to estimate the initial measurements of the
larger 15 cm pieces to be used in the experiment without altering the material.
Fresh weights of the 15 cm pieces, henceforth referred to as twigs, were then
recorded and twigs were grouped into three diameter classes (i.e. 0.2-0.4 cm, 0.8-1.1 cm,
and 1.5-2.5 cm). Twigs from each diameter class were then randomly assigned to
treatments and locations.
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2.3.2.2

Mesh bag preparation
Mesh bags for the exclusion of arthropods were obtained from Normesh

(Lancashire, UK). Bags measured 25 cm by 25 cm and had apertures of either 0.3 mm
(fine) or 1 mm (coarse). Mesh apertures were chosen based on average arthropod size to
allow for either full exclusion of meso- and macro- arthropods (fine) or partial exclusion
(coarse).
Mesh bags were over-lock stitched on three sides with nylon thread by Normesh.
The fourth side was left open for insertion of wood and was later sealed in the laboratory
with nylon thread. Fifty mesh bags were constructed per mesh size and were numbered
and assigned to sites.
2.3.2.3

Control dowel preparation
To account for mesh effects, yellow-poplar (Liriodendron tulipifera) control

dowels were used in our study. The dowels were 0.7 cm in diameter and 15 cm in length.
All dowels were sanded to a smooth surface and had been previously kiln-dried but no
other treatments were applied. Yellow-poplar was chosen because it was the closest in
specific gravity (at ~0.46) to Chinese tallow (at ~0.50) among the commercially available
wood species. Dowels were chosen for use as their uniformity allows for easy visible
identification of insect damage and less complex comparisons among mesh treatments.
After initial weights were recorded, dowels were numbered and randomly assigned to
treatments.
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2.3.3

Treatment field design
Each transect was set up with five points separated by 5 m that correspond to the

collection month (Figure 2.1), i.e. the points were collected sequentially along the
transects beginning nearest to the forest edge. Each point contained one of each mesh
treatment (i.e. fine, coarse, and no-mesh) (Figure A.1). Each mesh bag received one
randomly selected twig from each diameter class (three twigs total) as well as a randomly
selected control dowel.
Twigs and dowels in the no-mesh treatments were tethered together around their
centers with nylon string to prevent loss in the field. (i.e. one treatment would contain one
line of three twigs (one from each diameter class) and one control dowel).
The three mesh treatments for each point were then tethered to a central stake
with nylon thread. Litter was carefully removed from the ground and treatments were laid
on top of the bare soil making sure that all twigs and dowels were not overlapping and
were all in contact with the mineral soil.

12

Figure 2.1

2.3.4

Schematic of site and transect layout for wood decomposition study. Each
location had two transects separated by 100 m. Circles represent collection
points which correspond to the month in which they are collected. At each
point there was a fine mesh, a coarse mesh, and a no-mesh treatment.

Data collection
Samples from each treatment were collected once every four months for 20

months from February 2013 to October 2014 (Results from the first four sampling
periods are reported here). Collected samples were transported to the laboratory where
the bags were inspected for any damages. Each twig and dowel was examined and any
observations (e.g. presence of arthropods, fungi, mold, mineral soil) were recorded before
being hand-cleaned of any debris.

13

Any dowels found with arthropod damage were discarded from the study as
arthropod contributions would confound mesh effects. Remaining dowels were measured
for fresh weight and diameter and any observations (e.g. fungi, debris) were recorded.
After recording the fresh weights of the twigs, the bark was carefully removed
and all arthropods found within the twigs were collected for identification. Any
observations (e.g., arthropod presence, arthropod damage, fungi, mold) were recorded
and any additional debris (i.e. frass and soil) were removed by hand from the interior of
the twigs. Fresh weight without bark was then recorded. Mold/fungal presence was given
a relative value (from 0-4) based on coverage of the twig (with 0 = none, 1 = slight
presence (<25%), 2 = moderate presence (25-50%), 3 = heavy presence (50-75%), and 4
= full presence (75-100%)).
All twigs, bark, and dowels were then oven dried at 102 °C for 24 hours to obtain
dry weights. From these bark % was obtained.
To isolate soil brought into the twigs by termites, twigs exhibiting termite damage
were burned in ceramic crucibles, following the method described by Ulyshen and
Wagner (2014) (Figure A.2). The crucibles were then placed on a propane burner and
samples were burned until ash and minerals remained. The samples were then mixed with
water and the ash was floated and skimmed off. The remaining mineral samples were
oven dried at 102 °C for 48 hours and dry weights were recorded. These dry weights
were deducted from the pre-recorded dry weights of the twigs to correct for mineral soil
content.

14

2.3.5
2.3.5.1

Statistical analysis
Bark content
To obtain the bark content (%) over time, dry weight of the bark from each

sample was divided by the total dry weight (bark + wood). The arcsine square root
transformation was applied to these data and differences in bark content between
diameter classes, mesh treatments, and over time were examined using ANOVA with the
generalized linear model procedure in SAS (version 9.3). The model tested for mass loss
was Yi=βo+β1Xi1+β2Xi2+ β3Xi+εi, Yi is the ith observation of bark content, Xij is ith
observation of the jth independent variable (either diameter or mesh), j = 1, 2, ..., p. The
values βj represent parameters to be estimated, and εi is the ith independent identically
distributed normal error. Each model was examined by time period. The contrast
statement was used to further examine differences between variables.
2.3.5.2

Arthropod counts
Arthropods were identified and recorded when recovered from a twig. Galleries

from termites and beetles were identified and recorded in the absence of live insects.
Differences between diameters, mesh treatments and locations, using presence/absence
data, were examined using a Chi-square test of independence with the frequency
procedure in SAS (version 9.3).
2.3.5.3

Fungi and mushrooms
Mushroom presence among diameter classes and mesh treatments was examined

using a Chi-square test of independence with the frequency procedure in SAS (version
9.3).
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Mold cover classes were examined for differences among sites and among mesh
treatments using a Chi-square test of independence with the frequency procedure in SAS
(version 9.3).
2.3.5.4

Mass loss
Mass loss was calculated as the difference between the predicted initial dry

weight based on the 5 cm subsamples and the final dry weight. Mass loss was calculated
as a relative percent ((Initial-Final)/Initial)*100) for all twigs and dowels. The arcsine
square root transformation was then applied to the data. Differences in mass loss between
sites, diameters, mesh treatments, and collection periods were examined with ANOVA
and with MANOVA using time as a multivariate with the general linear model procedure
in SAS (version 9.3). The model tested for mass loss was Yi=βo+β1Xi1+β2Xi2+ β3Xi+εi, Yi
is the ith observation of mass loss, Xij is ith observation of the jth independent variable
(either site, diameter, or mesh), j = 1, 2, ..., p. The values βj represent parameters to be
estimated, and εi is the ith independent identically distributed normal error. The contrast
statement was used to further examine differences between variables.
2.3.5.5

Mesh effects and adjusted mass loss
To account for differences in mass loss attributed to the mesh bag effects, the

control dowel data was examined. All dowels with arthropod damage were excluded
from this analysis. The mesh correction factors were calculated separately for each
location and time period using the corresponding dowel data. When dowel data was
missing (i.e. had arthropod damage), that location/time was excluded from the analysis
based on adjusted data.
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To calculate mesh correction factors the following calculation was used:
Correction Factor = (DM - DN)/DM, where DM is the mass loss for the dowel in the mesh
treatment (either coarse or fine) and DN is the mass loss for the corresponding dowel from
the no-mesh treatment.
Correction factors were then applied to the corresponding twig mass loss data
from each location and time point using the following calculation: Adjusted Mass Loss =
MF – (MF * CF), where MF is the final mass loss of the twig and CF is the mesh
correction factor.
2.3.5.6

Decomposition rates
Decay rates (k) were calculated by fitting the mass loss data to the exponential

decay model: Yt=Y0e-kt , where Yt = mass at time t, Y0 = initial mass, and k = exponential
(base e) decay coefficient. Decay rates were calculated for by each diameter and each
mesh treatment as well as for the overall study. Differences in decay rate constants were
examined using an analysis of variance in SAS (version 9.3). The half-life for Chinese
tallow fine woody debris was also calculated using the equation: t1/2=ln(2)/k , where k is
the decay rate constant and t1/2 is the half-life of the woody debris.
2.4
2.4.1

Results
Bark content
Significant differences in bark content were observed among diameter size classes

among months, between interactions of diameter size class, mesh treatment, and site
(Table 2.3). Additionally, bark content (%) increased over time and throughout the
decomposition process and smaller diameter twigs had higher bark contents (Figure 2.2).
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Table 2.3

ANOVA results for among twig comparisons for bark content (%). *
denotes significance (α = 0.05).
Variable

F

df

Pr>F

Diameter

26.13

2, 329

<0.0001*

Small vs Medium
Small vs Large
Medium vs Large

36.67
0.01
39.04
1.22

1
1
1
2, 329

<0.0001*
0.9037
<0.0001*
0.2982

Coarse vs Fine
Coarse vs No Mesh
Fine vs No Mesh
Mesh vs None

0.47
1.23
3.1
2.7
1.77
0.67
1.06
1.6
2.05

1
1
1
1
4, 329
8, 329
8, 329
4, 329
16, 329

0.4919
0.2677
0.0793
0.1014
0.1381
0.7196
0.3969
0.1764
0.0128*

Mesh

Site
Mesh x Site
Diameter x Site
Diameter x Mesh
Diameter x Mesh x Site
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Figure 2.2

Bark content (%) ± s.e. of twigs over the decomposition study among mesh
treatments (top), diameter classes (middle), and overall (bottom). * denotes
significance (α = 0.05).
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2.4.2

Soil content of twigs
After combustion, mineral soil content of twigs with termite damage were

measured and used to correct final twig mass. Overall, soil content varied among twigs
and among diameter classes, mesh treatments, and time. The average soil content within
wood was 3%, ranging from 0 to 32% (Table 2.4). Based on this data, a substantial
quantity of mineral soil may potentially reside within the twig samples, skewing the dry
wood mass. Accounting for the mineral soil content corrects dry wood mass.
Table 2.4

Soil content of dry wood weights (%) for twigs in each diameter class and
over the course of the decomposition study.
Small diameter
(0.2-0.4cm)
Medium diameter
(0.8-1.1cm)
Large diameter
(1.5-2.5cm)
4 Month
8 Month
12 Month
16 Month

2.4.3

n
1

Mean
0.9

Median
0.9

Mode
0.9

Max
0.9

Min
0.9

13

1.7

0.6

0

8.2

0
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4.4

0.6

0.3

32.2

0

0
12
14
13

0.7
5.4
3.2

0.4
2.7
0.8

0
0.2

3.4
32.2
12.0

0
0.1
0.1

Arthropod counts
Reticulitermes spp. were identified and collected throughout the decomposition

study. Additionally, arthropods from two Phyla and several Orders, families, and genera
(Table 2.5) were found throughout the decomposition study. Differences in
Reticulitermes spp. relative abundance were found among sites (Figure 2.3), with
Dorman Lake having the highest relative abundance of Reticulitermes spp. and Craig
Pond having the lowest. Significant differences (α = 0.05) in relative abundance of
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Reticulitermes spp. were observed among diameter classes (X2(2, n=337) = 24.61,
p<.0001) (Table 2.6), as well as among the mesh treatments (X2(2, n=337) = 32.65,
p<.0001) (Table 2.7), and between months (X2(3, n=337) = 30.06, p<.0001) (Table 2.8)
(Figure 2.4).
Table 2.5
Phylum
Annelida
Arthropoda

Classification of arthropods collected from Chinese tallow small diameter
over the course of the decomposition study in Mississippi, USA.
Class
n/a
Acari
Collembola
Insecta

Order

Family

Genus

Species

n/a
n/a
Isoptera
Coleoptera

Rhinotermitidae Reticulitermes spp.
Tenebrionidae
n/a
Cerambycidae
n/a
Elateridae
n/a
Hymenoptera Ichneumonidae n/a
Formicidae
Temnothorax pergandei
Diptera
Unknown
n/a
Notes: n/a is in place where samples were not further identified.

Figure 2.3

Reticulitermes spp. relative abundance on Chinese tallow twigs by site over
the course of the decomposition study in Mississippi, USA.
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Table 2.6

Chi-Square results for Reticulitermes spp. relative abundance by twig
diameter class over the decomposition study in Mississippi, USA. Numbers
in parentheses are total number of twigs in each category.

Diameter
0.2-0.4cm
0.8-1.1cm
1.5-2.5cm
Total
Chi Square
Notes: **p< 0.0001

Table 2.7

Not Present
96.40 (107)
80.53 (91)
71.63 (81)
82.79 (279)

Total
100
100
100
(337)

Chi-Square results for Reticulitermes spp. relative abundance by mesh
treatment for twigs over the decomposition study in Mississippi, USA.
Numbers in parentheses are total number of twigs in each category.

Mesh Treatment
Fine
Coarse
None
Total
Chi Square
Notes: **p< 0.0001

Table 2.8

Present
3.60 (4)
19.47 (22)
28.32 (32)
17.21 (58)
24.61**

Termite Activity
Present
Not Present
0.09 (1)
99.10 (110)
21.93 (25)
78.07 (89)
28.57 (32)
71.43 (80)
17.21 (58) 82.79 (279)
32.65**

Total
100
100
100
(337)

Chi-Square results for Reticulitermes spp. relative abundance by month for
twigs over the decomposition study in Mississippi, USA. Numbers in
parentheses are total number of twigs in each category.

Month
June 2013
October 2013
February 2014
June 2014
Total
Chi Square
Notes: **p< 0.0001

Termite Activity
Present
Not Present
0.00 (0)
100.00 (90)
24.94 (22)
75.56 (68)
21.35 (19)
78.65 (70)
30.88 (21)
69.12 (47)
18.40 (62) 81.60 (275)
30.06**
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Total
100
100
100
100
(337)

Figure 2.4

2.4.4

Reticulitermes spp. relative abundance on Chinese tallow twigs over the
course of the decomposition study by diameter class (left), mesh treatment
(middle), and month (right).

Fungal, mold, and mushroom counts
The smallest diameter class (0.2-0.4 cm) had the lowest mushroom presence

throughout the study when compared to twigs of larger diameter classes (X2(2, n=337) =
11.07, p=0.004) (Figure 2.5). Additionally, the no-mesh treatment had the highest
mushroom presence when compared with the two mesh treatments but was not
significantly different (X2(2, n=337) = 1.85, p=0.397).
Mold classes varied among mesh treatments (X2(8, n=334) = 27.05, p=0.0007)
(Figure 2.6), with the mesh treatments having higher mold coverage than the no mesh
treatment throughout the 16 months of the decomposition study.
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Figure 2.5

Figure 2.6

Relative mushroom abundance by diameter class of Chinese tallow twigs
over the decomposition study in Mississippi, USA. (α=0.05).

Relative mold abundance observed on Chinese tallow twigs by mesh
treatment over the decomposition study in Mississippi, USA.
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2.4.5

Unadjusted Chinese tallow mass loss
Significant differences for unadjusted Chinese tallow twig mass loss were

observed among diameter classes (p = 0.01), between mesh treatments (p = 0.04), and by
month (p<0.0001) (Table 2.9). MANOVA results showed a significant effect of mesh
treatments (Wilks’ λ = 0.02) and diameter classes (Wilks’ λ = 0.04) on the unadjusted
twig mass loss.
Using contrasts, significant differences were found between the fine and no- mesh
(p = 0.0155), between the mesh treatments versus the no-mesh treatment (p = 0.0139), as
well as between the smallest diameter class and the middle diameter class (p = 0.0493),
and the smallest diameter class and the largest diameter class (p = 0.0028).
Table 2.9

ANOVA results for Chinese tallow twig unadjusted mass loss among
diameter classes, mesh treatments, and months over the decomposition
study in Mississippi, USA. (α=0.05).

Variable/Contrast
Model
Diameter
Small vs Medium
Small vs Large
Medium vs Large
Mesh
Fine vs Coarse
Fine vs None
Coarse vs None
Mesh vs None
Month
Mesh*Month
Diameter*Mesh
Diameter*Month
Diameter*Mesh*Month
Notes: * denotes significance
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Unadjusted Mass Loss
F df
Pr>F
16.78 35
*<0.0001
4.65 2
*0.0103
3.9 1
*0.0493
9.08 1
*0.0028
1.08 1
0.2991
3.22 2
*0.0415
0.36 1
0.5494
5.93 1
*0.0155
3.55 1
0.0606
6.13 1
*0.0139
174.76 3
*<0.0001
1.23 6
0.2927
0.9 4
0.4624
4.13 6
*0.0005
0.19 12
0.9989

2.4.6

Dowel mass loss
After 16 months, average dowel relative mass loss was 14.2 %, 16.9 %, and 7.6 %

for the fine, coarse, and no mesh treatments respectively. Average mass remaining for
dowels after 16 months was 85.8%, 83.1%, and 92.4% for the fine, coarse, and no mesh
treatments respectively (Figure 2.7). Significant differences (α=0.05) for dowel mass loss
were found between mesh treatments (p = 0.036). Contrasts showed that dowel mass loss
differed significantly between fine mesh and no mesh (p = 0.041), between coarse mesh
and no mesh (p = 0.017), and between mesh treatments and the no mesh treatment (p =
0.011).

Figure 2.7

Average dowel mass remaining by mesh treatment after 16 months of the
decomposition study in Mississippi, USA. * denotes significance. (α =
0.05).
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2.4.7

Mesh correction factors
To account for differences caused by mesh treatments, correction factors were

made using the dowel data absent of arthropod damage. Correction factors were created
for each location at each time point and used to adjust the corresponding Chinese tallow
twig data. On average, fine mesh increased dowel decomposition over 16 months by 51%
and coarse mesh increased decomposition by 26% (Table 2.10).
Table 2.10

Average mesh effects in terms of percentage on dowel decomposition over
the 16 month study period in Mississippi, USA.
Time in
Field
4 Months
8 Months
12 Months
16 Months

2.4.8

Month of
Study
Jun-13
Oct-13
Feb-14
Jun-14
Averages

Fine Mesh
(%)
11
51
4
34
51

Coarse Mesh
(%)
0
52
10
40
26

Adjusted Chinese tallow mass loss
The mesh correction factors were used to adjust Chinese tallow mass loss for

mesh effects on decomposition and to isolate arthropod contributions. Adjusting the
Chinese tallow mass loss decreased the overall mass loss of the twigs in the mesh
treatments by an average of 38 % (Figure 2.8). Significant differences (α = 0.05) were
found for the adjusted mass loss among mesh treatments (p< 0.0001) and specifically
between fine mesh and no mesh (p<0.0001), between coarse mesh and no mesh
(p<0.0001), and between the mesh treatments combined and the no mesh treatment
(p<0.0001) (Table 2.11).
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Table 2.11

ANOVA results for Chinese tallow twig adjusted mass loss among diameter
classes, mesh treatments, and months over the decomposition study in
Mississippi, USA. (α=0.05).
Adjusted Mass Loss
Variable/Contrast

F

df

Pr>F

Model

7.22

35

*<0.0001

Diameter

0.67

2

0.5151

Small vs Medium

1.24

1

0.2674

Small vs Large

0.69

1

0.4061

Medium vs Large

0.09

1

0.7615

38.88

2

*<0.0001

Fine vs Coarse
Fine vs None
Coarse vs None

0.46
56.23
51.28

1
1
1

0.4991
*<0.0001
*<0.0001

Mesh vs None

77.75

1

*<0.0001

23.04

3

*<0.0001

Mesh*Month

7.21

6

*<0.0001

Diameter*Mesh

0.81

4

0.5171

Diameter*Month

1.52

6

0.1744

Diameter*Mesh*Month

0.41

12

0.9623

Mesh

Month

Notes: * denotes significance.
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Figure 2.8
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Unadjusted Chinese tallow mass remaining and mass remaining adjusted for mesh effect ± s.e. over the course of the
decomposition study in Mississippi, USA. Diameter classes were found to be non-significant factors and were
pooled in this comparison.

2.4.9

Decay rates
The overall exponential decay rate constant (k) for unprotected Chinese tallow

fine woody debris in this 16 month study in Mississippi, USA was 0.0630 month-1. Decay
rates varied slightly yet non-significantly by diameter class (p = 0.206) and mesh
treatment (p = 0.341) (Table 2.12). The average half-life for unprotected Chinese tallow
fine woody debris in this study is 11.0 months, and 14.6 months for Chinese tallow twigs
between 0.2 and 0.4 cm, 9.6 months for Chinese tallow twigs between 0.8 and 1.1 cm,
and 9.9 months for Chinese tallow twigs between 1.5 and 2.5 cm.
Table 2.12

Decay rate constants (k) for Chinese tallow fine woody debris over the 16
month study period in Mississippi, USA by mesh treatment, diameter class,
and overall.
Mesh treatment
Fine
Coarse
None
Mean k

2.5

Twig diameter class (cm)
0.2-0.4 0.8-1.1 1.5-2.5
0.0505 0.0522 0.0516
0.0495 0.0555 0.0642
0.0476
0.072
0.0695
0.0492 0.0599 0.0618

Mean k
0.0514
0.0564
0.0630

Discussion
Decomposition of woody debris is a highly dynamic process vital for ecosystem

functioning. Climatic variables (i.e. temperature and moisture), soil contact, substrate
moisture, wood chemical composition, decomposer communities, site microclimates, and
length of debris may all play a crucial role in wood decomposition (Savely 1939, Brown
et al. 1997, Harmon et al. 2000, Cornwell et al. 2009, Prescott 2010, Shanbhag and
Sundararaj 2013). This study examined the dynamics of Chinese tallow fine woody
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debris decomposition to gain a better understanding of the role of arthropods in the
process.
Typically, the rate of colonization of dead wood by fungi, microbes, and
arthropods determines the initial rates of decomposition and often produces a lag phase
(Harmon et al. 1986, Busse 1994, Prescott 2010, Preston et al. 2012). This study revealed
similar findings suggesting a lag phase in the first four months of the study. Over the
course of this 16 month study, Chinese tallow fine woody debris showed substantial
decomposition. The exponential decay rate constant was 0.0539 month-1 with a half-life
of 12.9 months. At the 16 month point, and average of 52%, 56%, and 60% of Chinese
tallow wood mass was lost for the fine mesh, coarse mesh, and no mesh treatments
respectively. This appears to be a relatively rapid decay rate, however with little to no
studies conducted on fine woody debris in the same size classes, direct comparisons are
limited. However, with the correction of the mesh effects, decomposition in the mesh
treatments was reduced by nearly 35% on average, indicating a strong influence of
arthropod activity on the decomposition process.
Mesh bags in this study did produce apparent and significant differences in terms
of mass loss, mold content, and arthropod activity for both the dowels and Chinese tallow
twigs. This may be caused by the ability of the mesh to affect substrate moisture and
microclimate conditions that control microbial activity vital to the decomposition process
as well as exclude insects (Kampichler and Bruckner 2009). An examination of the dowel
mass loss revealed a significant mesh effect on decomposition with a 51% average
increase in decomposition in the fine mesh treatments and a 26% average increase in the
coarse mesh treatments. These increases in decomposition were due solely to mesh bag
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effects as all other conditions were identical for the dowels at each location and time
point. This finding highlights the importance of correcting for mesh litterbag treatment
effects on decomposition studies as they highly skew the mass loss results.
To account for these mesh effects correction factors were made using the dowel
data and applied to the corresponding Chinese tallow twigs. Correcting the Chinese
tallow mass loss data showed significantly reduced decomposition in the twigs from the
two mesh treatments. Because the no mesh treatment had no confounding effects of mesh
on the decomposition process, differences in decomposition between the no mesh and
mesh treatments can be attributed largely to insect activity as mesh treatments were used
for the exclusion of arthropods. This suggests that arthropods, and specifically termites,
may account for, on average, over 30% of the overall decomposition of Chinese tallow
fine woody debris at the 16 month period in Mississippi, USA.
Additionally, the diameter of the woody material is thought to have an effect on
decomposition by affecting the colonization of arthropods and microbes, with smaller
diameter material hypothesized as less inhabitable (Abbott and Crossley 1982, Fasth et al.
2011). The inclusion of three diameter classes allowed for the examination of the effects
of substrate diameter on decomposition and it was found that arthropod activity, bark
content, and fungal presence significantly differed between diameters, with the largest
differences observed between the smallest diameter class and the largest.
Termites, of the subterranean genus Reticulitermes, were found primarily in the
two larger diameter classes and were highly variable between sites. It was additionally
observed that the smaller diameter twigs appeared only to be inhabited by Reticulitermes
spp. only when the larger twigs had also been utilized, suggesting possible preference for
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larger diameter material. These trends are consistent with ones observed by Abbott and
Crossley (1982), in which micro-arthropods were found less commonly in material under
2cm in diameter.
It may also be important to note that arthropods rarely damaged the yellow-poplar
control dowels, although they were similar in diameter to twigs in the middle diameter.
This may be because the wood was oven dried prior to field placement and lacked bark
which may provide protection and keep moisture levels consistent. Additionally, control
dowels were only observed to be damaged in sites with high termite activity and only
when the twigs had been similarly damaged.
Bark content also was correlated with substrate diameter in that smaller diameter
material had a higher bark to wood ratio. This observation was to be expected as the bark
to wood ratio is inversely related to diameter (Ganjegunte et al. 2004, Gosz et al. 1973,
Vávřová et al. 2009). The bark content increased as decomposition proceeded further
increasing the bark to wood ratios. Interestingly, in some cases of severe termite
degradation, wood was completed depleted leaving hollow tubes of bark.
Fungal presence was variable between both diameter classes and mesh treatments.
Mesh bags significantly increased mold presence and inhibited mushroom presence.
Additionally, mushrooms appeared only on larger diameter material. This further
supports the claim that both mesh bags and substrate diameter have an effect on
decomposition dynamics.
2.6

Conclusions
This 16 month study on Chinese tallow fine woody debris in Mississippi

highlights the importance of arthropods in the decomposition process and provides a
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novel approach for accounting for mesh effects from litterbags. Chinese tallow fine
woody debris was found to decompose at a rate of 0.0539 month-1 and had lost over 50%
of woody mass within 16 months. Mesh bags were found to have a significant impact on
the decomposition process, increasing decomposition by over 25%. Corrections for these
effects highlight the contributions of arthropods to the decomposition process.
Specifically, this study demonstrates that subterranean termites may contribute to over
30% of the mass lost during the decomposition process. Additionally, an examination of
the decomposition dynamics of Chinese tallow, a strong woody invader, provides insight
into the factors contributing to the possible carbon turnover rates associated with this
species’ fine woody debris. This could be useful if coupled with forest biomass data
associated with this species and its invasion of native habitats. Overall, this study
highlights the importance of accounting for mesh effects in decomposition studies, the
role of termites in wood decomposition, and the dynamics of Chinese tallow fine woody
debris decomposition processes.
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CHAPTER III
CROWN WOODY BIOMASS MODELING OF CHINESE TALLOW (TRIADICA
SEBIFERA) IN SOUTHERN MISSISSIPPI

3.1

Abstract
Chinese tallow (Triadica sebifera (L.) Small, previously Sapium sebiferum) is an

aggressive woody invader in the southern United States with growing economic and
ecological impacts. Comprehensive knowledge of allometric biomass relationships is
integral in understanding a species’ ecological impacts, specifically in relation to invasion
potential and competitive advantages. Crown and branch biomass for single trees of
Chinese tallow were estimated at three sites in southern Mississippi, USA. Models were
fitted using regression with branch basal diameter and tree diameter at breast height
(DBH) as independent variables. Significant differences were observed among sites (p<
0.01) for branch biomass equations indicating a possible site effect on carbon allocation
within individual trees. However, site was not a significant factor in total crown biomass
estimations allowing for the formation of a single biomass equation for Chinese tallow in
southern Mississippi. Allometric models can be combined with large-scale sampling
databases to determine total invasive biomass, allowing managers to determine areas of
high priority for eradication and control.
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3.2

Introduction
Invasive species can transform the structure and function of native ecosystems,

resulting in losses in productivity and biodiversity (Chapin et al. 2000, Higgins et al.
1999, Lockwood et al. 2007, Sax and Gaines 2003). Additionally, invasive plants can
account for a majority of forest biomass (Lockwood et al. 2007) which may become
important for carbon modeling and budgets.
Chinese tallow (Triadica sebifera (L.) Small, previously Sapium sebiferum), is an
aggressive woody invader in the southeastern United States. Native to subtropical China
and Japan, Chinese tallow was first introduced in the Carolinas in the late 1700’s as a
crop species (Bruce et al. 1997). As the need for tallow decreased, crops were abandoned
and Chinese tallow escaped cultivation increasing its range throughout the southeastern
coastal region (Pattison and Mack 2008). From coastal prairies to closed canopy forests,
establishing Chinese tallow can form mono-specific stands and displace native flora and
fauna (Bruce et al. 1997, Zou et al. 2006). Chinese tallow is able to tolerate both salt and
fresh water flooding, direct sun and heavy shade (Barrilleaux and Grace 2000, Pattison
and Mack 2008). These broad tolerances coupled with rapid growth and high
reproductive rates afford Chinese tallow a competitive advantage over native species and
complicate management efforts.
Invasive species typically demonstrate a higher phenotypic plasticity which
allows for shifts in biomass partitioning at faster rates in reaction to changing
environmental cues (Lu et al. 2007). Often, invasive species allocate more biomass
resources to growth and reproduction, as is observed in Chinese tallow (Barrilleaux and
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Grace 2000, Pattison and Mack 2008), increasing their competitive advantages and
invasion potentials (Davis et al. 2000, Lonsdale 1999).
Biomass is created by photosynthesis and is allocated to different components of
the plant based on an order of priorities for sustaining living tissue and producing new
tissue. Both stand development and site quality (e.g. soil properties, water and nutrient
accessibility, light abundance, etc.) have been shown to affect biomass allocations within
trees (Chan et al. 2003, King et al. 1999, López-Serrano et al. 2005, Yu and Gao 2011).
Additionally, variations in allometries can be associated with age or growth stage of the
tree (Bi et al. 2004, López-Serrano et al. 2005, Mokany et al. 2006) as well as stocking
densities (Mäkelä 1997).
Inter- and intra- specific competition is largely responsible for forest resource
constraints and the subsequent biomass partitioning in these systems (Mäkelä 1997,
Tillman 1985, Yu and Gao 2011). Increased competition hastens crown closure, resulting
in lower crown ratios and forced shifts in biomass allocations (Mäkelä 1997). With
increased competitive abilities, however, invasive species may exhibit altered allometric
shifts.
In this study, Chinese tallow trees were sampled from three sites within southern
Mississippi, USA to create crown and branch biomass equations. Often, crown biomass
estimates are implemented at the individual branch level and the relationships between
branch biomass and stem DBH can be used to estimate total crown biomass (Kershaw
and Maguire 1995, Parresol 1999). In this study, biomass was measured at both the
individual branch level as well as the crown level to gain an accurate measure of the
woody biomass in different components of the tree. With sound biomass equations in
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place, large-scale forest inventories, such as the US Forest Service Forest Inventory and
Analysis National Program (FIA), can be used to determine total invasive biomass in
forests as well as to prioritize sites for invasive eradication and control programs.
3.3
3.3.1

Materials and methods
Study Sites
Chinese tallow trees were identified and sampled from three sites in Southern

Mississippi. This region has a humid, subtropical climate with summer averages of 87°F
and mild winters averaging 46°F. The mean annual precipitation for this region is 62
inches with rainfall peaks in early spring and late summer. This region is also prone to
severe climatic disturbances, i.e. hurricanes and tornadoes.
The three study sites, Old River, Grand Bay, and Sandhill, fell within the Old
River Wildlife Management Area (Pearl River County, Mississippi), the Grand Bay
National Estuarine Research Reserve (Jackson County, Mississippi), and the Mississippi
Sandhill Crane National Wildlife Refuge (Jackson County, Mississippi), respectively.
Collections at the Old River site were conducted in September of 2012 and collections at
the Grand Bay and Sandhill sites were conducted in March of 2013. Descriptions of the
sites and number of trees sampled can be found in table 3.1.
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Study site descriptions for Chinese tallow crown biomass equation estimates.

Site
Latitude
Longitude
n
Dominant Overstory
Old River
30°47'23.6" 89°49'00.9"
5
Quercus spp./Nyssa sylvatica/Taxodium distichum
Sandhill
30°26'47.6" 88°39'52.6"
6 Pinus elliottii/Quercus spp./Carya spp./Acer rubrum
Grand Bay 30°24'57.8" 88°25'10.7" 14 Pinus elliottii/Quercus spp./Carya spp./Acer rubrum
Notes: n denotes number of individual trees sampled at each location.

Table 3.1

39

Soil Texture
sandy-loam
loamy-sand
loam

3.3.2

Data collection
A total of 25 Chinese tallow trees were collected for biomass estimations, of

which five were from the Old River site, six were from the Sandhill site, and 14 were
from the Grand Bay site. Chinese tallow trees were chosen at each location to ensure a
representative distribution of both diameter and height, spanning the range from smallest
to largest. Diameter at breast height (DBH) was recorded for all selected trees which
were then felled at their base with a chainsaw.
After felling, branches were separated from the bole and leaves were hand
removed from each branch. Branches were then cut at junctions where the secondary
branch was ≥1 cm in basal diameter, careful to keep each section intact from base to tip
(Figure 3.1). At the Sandhill and Grand Bay sites, branches for each felled tree were
weighed in the field using a hanging scale to obtain a total woody crown wet weight and
subsamples from each were brought back to the laboratory to calculate moisture contents.
All branches from four trees at Grand Bay and six trees at Old River were brought back
to the laboratory where each branch was then measured for length, basal diameter, and
dry weight, where dry weight is used as an indicator of biomass and henceforth shall be
used synonymously. Biomass was obtained by oven-drying at 102°C for 24 hours. All
laboratory work was done at the USFS Wood Products Insect Research Lab in Starkville,
Mississippi.
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Figure 3.1

Schematic of branch separation for biomass study where secondary
branches were separated at any junction that was ≥ 1 cm in basal diameter.

Notes: Red lines represent branches ≥ 1 cm in basal diameter

3.3.3

Statistical analysis
To create biomass models for individual branches of Chinese tallow, branch

biomass data were fitted using regression analysis in SAS (version 9.3) with either branch
basal diameter or branch length as independent variables. Exponential and linear
functions were tested with various relations of basal diameter and length (i.e. only basal
diameter, only length, or diameter*length). The Sandhill site was excluded from these
analyses as individual branches were not sampled. Additionally, branches from each site
were used as pseudo-replicates as various branches originate from the same trees.
Two methods were used to obtain biomass models for total crown woody
components of Chinese tallow. For trees that had all of their branches sampled and dry
weights obtained, the total dry weights were added to obtain the total crown woody
biomass. For those trees that did not have all of their branches sampled, the crown dry
weight was calculated by using the moisture content of sampled branches and applying
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that to the wet weights taken in the field. Total crown woody biomass models were fit
using regression analysis in SAS (version 9.3) with tree DBH as the independent
variable.
In order to account for heteroscedasticity of the data, a logarithmic transformation
was applied to the data for both the branch and the crown biomass as well as the predictor
variables.
All models were examined for accuracy and goodness of fit based on several
suitability criteria. Additionally, probability plots of residuals were examined for
uniformity. The first statistic examined was the Akaike information criteria (AIC). It is
calculated as:

(Eq. 3.1)
Where l is the likelihood of the fitted model and EV is the total number of model
parameters. Secondly, the adjusted R2 was examined and is based on the overall variance
and the error variance. This value is calculated as:

(Eq. 3.2)
Where R2 is the coefficient of determination, EV is the total number of explanatory
variables in the model, and n is the sample size. The third statistic reported was the sum
of squares error (SSE) which is calculated as:

(Eq. 3.3)
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Where n is the sample size, xi is the value of the ith observation, and 𝑥̅ is the mean. The
fourth statistic reported was the root mean square error (RMSE). This is calculated as:

(Eq. 3.4)
Where n is the sample size, Xobs is observed values and Xmodel is modelled values of the
ith observation.
Differences in branch length and number of branches per tree between the Old
River and Grand Bay sites were examined using ANOVA in SAS. The Sandhill site was
not included in this comparison as branch lengths and number of branches per tree were
not recorded.
To test for site differences, both branch biomass and crown biomass were
examined using ANOVA in SAS with site as a covariate. Where site was found nonsignificant, data was grouped to create biomass estimations.
3.4
3.4.1

Results
Biomass equations at branch level
Chinese tallow biomass at the individual branch level was found to have

significant differences between sites (p<0.001) and exhibited an exponential relationship
with branch basal diameter (Figure 3.2). Because site was found to be a significant
variable, branch biomass was analyzed for the Grand Bay and Old River sites separately,
using individual branches as pseudo-replicates.
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Relationship between Chinese tallow branches and branch basal diameter by site using branches as pseudo-replicates
where Grand Bay n = 65 and Old River n = 198. Trends in biomass prediction equations are defined by the
allometric model Y=ae(b*Bd) where Bd is branch basal diameter.

Notes: Solid symbols represent branches from the Old River site while hollow symbols represent Grand Bay. Symbol numbers
correspond with tree ID.

Figure 3.2
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Several models were tested for goodness of fit for branch biomass prediction
equations (Table 3.2). Chosen exponential models reached a high adjusted R2 and low
AIC, RMSE, and SSE values. Selected models were chosen based on fit statistics and
their corresponding fit plots and plots of residuals for each site (Figures 3.3 and 3.4).
3.4.2

Biomass equations at crown level
Chinese tallow biomass at the crown level was found to have non-significant

differences between sites (p = 0.0584) and exhibited an exponential relationship with
DBH (Figure 3.5). Because site was a non-significant factor, crown data was pooled to
create a prediction equation. The chosen model for Chinese tallow crown woody biomass
met the criteria for suitability; i.e. it reached a high adjusted R2 and low AIC, RMSE, and
SSE values (Table 3.3). The model was chosen based on fit statistics and the
corresponding fit plot (Figure 3.6).
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Biomass Equations
Bw=8.1755e(1.3007ˣBd)*
Bw=25.149e(0.0297ˣBl)
Bw=26.398e(0.0126ˣBdl)
Bw=90.426 ͯ Bd-103.617
Bw=9.2813e(0.8342ˣBd)*
Bw=18.318e(0.007 ͯ Bl)
Bw=37.649e(0.0016ˣBdl)
Bw=2417.88 ͯ Bd-2764.33

197

64

Grand Bay

d.f.

Old River

Site
479.93(<0.0001)
97.02(<0.0001)
355.41(<0.0001)
338.01(<0.001)
332.36(<0.0001)
236.20(<0.0001)
143.31(<0.0001)
58.14(<0.0001)

F(p-value)
0.7085
0.3277
0.6427
0.6311
0.8381
0.7861
0.6898
0.4717

R2
46.53
107.32
57.03
776251
42.34
48.69
70.61
382659323

SSE
0.49
0.74
0.54
62.93
0.55
0.88
1.06
2464.50

RMSE

-282.76
+165.51
+40.32
+283.39
-23.86
+9.08
+33.24
+1041.09

ΔAIC

Parameter estimates and fit statistics for prediction equations of Chinese tallow branch biomass at two sites in
southern Mississippi, USA. (α = 0.05).

Notes: Bw: branch biomass (g); Bd: branch basal diameter (cm); Bl: branch length (cm); Bdl: branch diameter x length; * denotes
selected model

Table 3.2
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Figure 3.3

Fit and residual plots for Chinese tallow branch biomass at the Old River
site based upon the model Bw=8.1755e(1.3007*Bd); where Bw is branch
biomass (g) and Bd is branch basal diameter (cm).
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Figure 3.4

Fit and residual plots for Chinese tallow branch biomass at the Grand Bay
site based upon the model Bw=9.2813e(0.8342*Bd); where Bw is branch
biomass (g) and Bd is branch basal diameter (cm).
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Figure 3.5

Table 3.3

Relationship between Chinese tallow crown woody biomass and DBH in
southern Mississippi, USA. The prediction equation was modeled based on
data from three sites: Grand Bay (n = 14), Sandhill (n = 6), and Old River
(n = 5).

Parameter estimates and fit statistics for the selected equation to predict
Chinese tallow crown woody biomass in southern Mississippi, USA. (α =
0.05).
Biomass Equation

Cw=0.3658e(0.2136 ͯ DBH)
d.f.
24
F(p-value)
88.88(p<0.0001)
R2
SSE
RMSE

0.7944
11.7288
0.71411
ΔAIC
-14.92
Notes: cw: crown woody biomass (kg); DBH: tree diameter at breast height (cm)
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Figure 3.6

3.5

Fit plot for Chinese tallow crown woody biomass in southern Mississippi,
USA based upon the model Cw=1.7999e(0.1431*DBH); where Cw is crown
woody biomass (kg) and DBH is tree diameter at breast height (cm).

Discussion
Chinese tallow is a serious threat to the forests of the southeastern United States

with the potential to alter ecosystems and disrupt established carbon balances. In this
study, biomass was modeled at both the branch and crown levels to determine accurate
methods of estimation for different components of the tree.
Differences in branch biomass were observed between sites, necessitating sitelevel prediction equations. The models formed were Bw=8.1755e(1.3007ˣBasal diameter) for the
Old River location and Bw=9.2813e(0.8342ˣBasal diameter) for the Grand Bay location. The
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inclusion of branch length in the equations failed to improve the models, so branch
biomass was selected as the sole independent factor. Both equations had high goodness of
fit and provided accurate estimates of branch biomass using branch basal diameter.
The differences observed between sites may be caused by a number of factors. As
previous studies have suggested, site conditions (e.g. soil properties, water and nutrient
accessibility, light abundance, etc.) may play a large role in biomass apportioning within
trees (Chan et al. 2003, García-Morote et al. 2012, Johnsen et al. 2001, Kershaw and
Maguire 1995, Landhausser and Lieffers 2001). Differences between site conditions,
namely in surrounding vegetation composition, soil type, and annual precipitation, were
observed and may be associated with the perceived differences in branch biomass
allocations between locations. Factors such as tree age and tree location within the stand
may also be reflected in these differences as has been observed in other studies (Bi et al.
2004, López-Serrano et al. 2005, Mäkelä 1997, Mokany et al. 2006). In addition, seasonal
variability in biomass allocations, particularly in regards to foliage and branch
allocations, has been observed in other species and may be reflected here as the sites were
sampled during different seasons (López-Serrano et al. 2005, Whitford 1991). Further
sampling of site conditions and inclusion of additional parameters may better improve
these models and provide insight into the site differences in allometry observed at the
branch level.
There were no site differences observed for biomass prediction estimates at the
crown level, however, and one model was built grouping the sites. The model created for
Chinese tallow crown biomass based on DBH was Cw=0.3658e(0.2136 ͯ DBH). This model
reached high accuracy and goodness of fit and can be used in future studies without
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requiring destructive sampling as it is based on DBH. Additionally, this model can be
used in conjunction with previously recorded Chinese tallow DBH measurements in
existing databases to estimate Chinese tallow biomass, providing insight into the forest
biomass component comprised of this woody invasive. Additional data on stem biomass
would greatly improve our understanding of the allometry of Chinese tallow and its
intensity of invasion in the forests of the Southeast.
3.6

Conclusion
Biomass models for Chinese tallow in southern Mississippi were calculated at the

branch level (Bw=8.1755e(1.3007ˣBasal diameter) and Bw=9.2813e(0.8342ˣBasal diameter)) as well as
the crown level (Cw=0.3658e(0.2136 ͯ DBH)). Significant differences between sites were
observed at the branch level but not the crown level and may be related to site, stand, and
tree conditions, however additional research is needed to support those claims. Biomass
models have large implications for forest biomass prediction and have particular import
in carbon modeling. Additionally, Chinese tallow biomass models may be an important
tool in determining areas of high invasion that would be suitable for focused eradication
and control programs.
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CHAPTER IV
CONCLUSION

Biomass modeling and decomposition rates and dynamics can provide useful
information into a species presence and role in a habitat. Invasive species are of particular
importance as they alter ecosystems and this knowledge could greatly improve our
understanding of the consequences of their invasions on structural and functional habitat
aspects (Cornwell et al. 2009).
Developing models to estimate standing woody biomass of Chinese tallow could
be an important tool to be used with large scale sampling databases, such as the USDA
Forest Service Forest Inventory and Analysis National Program (FIA), to determine the
total invasive biomass in these forests. This study determined biomass models for
Chinese tallow crown and branch biomass in southern Mississippi, USA. Branch biomass
models were found to differ significantly between sites, indicating a possible
environmental effect on allometric relationships within Chinese tallow trees and calling
for further research. Crown biomass models were not significantly different between sites
and the model Cw=0.3658e(0.2136 ͯ DBH) was created to predict Chinese tallow crown
biomass based on tree DBH.
Additionally, the decay rate of Chinese tallow fine woody debris was found to be
0.0539 month-1 with a half-life of 12.9months. During the 16 month period of the study,
over 50% of woody mass was lost from Chinese tallow twigs. This mass loss was also
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determined to be affected by mesh litterbags used for the exclusion of arthropods. Mesh
bags were found to account for an increase in more than 25% in total mass lost.
Correcting for this effect highlights the importance of arthropod contributions to the
decomposition process and provides a novel approach for mesh corrections in future
decomposition studies.
Coupling biomass and decomposition data has the potential to provide useful
insight into carbon turnover rates and dynamics. This study may be a useful first step in
determining Chinese tallow turnover rates and the effects of Chinese tallow invasion on
existing ecosystem processes.
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A.1

Decomposition supplementary photographs

Figure A.1

Treatment setup for decomposition study

Notes: Group of mesh treatments (Fine, Coarse, and No-Mesh), each with three Chinese
tallow twigs (one for each diameter class) and a control dowel in the lab pre-setup (Left)
and in the field atop bare soil at the initial set up (Right).

Figure A.2

Setup to obtain soil weights from twig samples

Notes: Design originally created by Ulyshen and Wagner (2014).
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Figure A.3

Several arthropods found in Chinese tallow twigs during the decomposition
experiment

Notes: Clockwise from top left: Temnothorax pergandei, unidentified Annelid,
unidentified Cerambycid larva, Reticulitermes spp. worker.
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Figure A.4

Chinese tallow twigs exhibiting varying ammounts of decay

Notes: From top: twig with severe termite damage after 8 months in the field, twig with
many termite galleries and flaking bark after 16 months in the field, and twig with severe
fungal degradation after 16 months in the field.

65

